Introduction
Resistance to infection decreases under diabetic conditions11,38 16 ) have reported that the number of carious teeth is not different between diabetics and nondiabetics.
When we study the relationship between oral disease and diabetes, diabetes is generally induced in the experimental animals by streptozotocin (SZ) or alloxan (AX)5). In particular, it is important that the direct effects of SZ or AX on salivary glands are examined when we study the relationship between dental caries and diabetes using these animals. Generally, rats or hamsters are used in experiments concerning the incidence of dental caries. However, the functional and histopathological study of the salivary glands of animals with chemically induced diabetes awaits further clarification.
Cutler12) has examined the necrosis of acinar cells in the submandibular gland in rats with SZ-induced diabetes. And Takai et al. 43 ) have reported that the administration of SZ cause some histopathological change in the submandibular and sublingual gland of rats and a severe decrease in the flow rate of saliva. However, Anderson et al. 3) and Hand et al.17) have reported that partial histological damage and partial monophological change have little effect on the function of salivary glands.
The purpose of this study was to examine the incidence of dental caries in hamsters with SZ-induced diabetes, the activity of salivary antibacterial factors such as lysozyme (LZ) and salivary peroxidase (SPO), the level of salivary glucose and lactate, and the dissolution of Ca2+ from dental enamel after demineralization in order to clarify the mechanism of the increased incidence of caries in diabetic hamsters.
Materials and Methods

Experimental animals
Male golden Syrian hamsters (Kyudo, Saga, Japan), aged 21-23 days, with a mean weight of 35g
were used in all the experiments. Under the experimental conditions, the animals had free access to a standard pellet diet and deionized water. Cariogenic diets containing sucrose (see below) were given to the animals in order to examine the incidence of caries.
Induction of diabetes with SZ SZ (lot no. M6R7516; Nakarai Co. Kyoto, Japan) was dissolved at pH 4.5 (0.01 M citrate buffer) and given immediately as a single intraperitoneal administration of 65mg/kg body weight. Control animals were given an equal volume of the buffer alone. Blood samples for glucose determination were collected in heparin-treated capillary tubes by orbital sinus puncture, and assays were carried out by the glucose oxidase method45). Diabetes was considered to be manifest in hamsters with blood glucose levels of 300mg/dl or above.
Insulin treatment
Four units of Lente insulin (Eli-Lilly Co., Indianapolis, Ind., U.S.A.) were given subcutaneously once a day to diabetic hamsters at 2 days after the administration of SZ and continued until the end of experiment.
Incidence of caries in diabetic hamsters
The fundamental protocol of the experiment is shown in Fig.1 . The animals received SZ , and Fig.2 Caries incidence of diabetic hamsters Table 2 Influence of diabetes on caries increment in hamsters caries score, neither of which had been inoculated with S. sobrinus. Recovery of S. sobrinus strain K 1-R was not confirmed in the groups A and B, but it more or less confirmed in the groups E through L.
Influence of insulin on the incidence of caries Table 2 shows the blood glucose levels, the weight gain and the mean number and caries score at the end of the experiment. The blood glucose levels in diabetic hamsters with insulin treatment (groups C and F) were significantly lower than in diabetic hamsters without insulin treatment (groups B and E) (p<0.01). The weight gain in diabetic hamsters with insulin treatment (groups C and F) was significantly higher than in diabetic hamsters without insulin treatment (groups B and E) (p<0.01). We found no significant difference in the mean number of caries lesions among the groups A, B, and C, all of them having been fed a standard diet. Similarly, we found no significant difference in the mean number of caries lesions lesions among groups D, E, and F, all of them having been fed a cariogenic diet (sucrose content: 56%). However, the mean caries score in diabetic hamsters with insulin treatment (group F) was significantly lower han in diabetic hamsters without insulin treatment (group E) (p<0.05).
In addition, the mean caries score in non-diabetic hamsters (group D) was significantly lower than in diabetic hamsters without insulin treatment (group E) and diabetic hamsters with insulin treatment (group F) (p<0.01 and p<0.05 respectively). Recovery of S. sobrinus strain K 1-R was confirmed in groups D, E and F. Thus, the tendency towards severe caries incidence decreased in the diabetic hamsters receiving insulin treatment.
Amounts of secretion and pH of saliva
The amount of secreted saliva is important for an estimation of the integrity of the function of the Table 3 Lysozyme (LZ) activity in whole saliva obtained from diabetic hamsters hours after the injection of SZ, but in the diabetic hamsters, the levels of salivary lactate showed some increase after 24 hours, and at 7 days, the level of salivary lactate had increased by 280% (p<0.001) In particular, SZ has a higher specificity as a in the diabetic condition induced by this agent there seem to be few complications due to toxicity. In this study, male golden Syrian hamsters, aged 3 weeks, were used in order to examine the influence of diabetes on caries inci dence. It has been reported that the older the animal is, the lower the rate of Incidence of caries becomes 32, 47) , and at the same time, the lower the establishment of mutans streptococci on the teeth becomes. We therefore used comparatively young animals in this experiment.
Concerning the optimal doses and methods of administration of SZ to induce diabetes in the hamster, it has been reported that 6-week-old male golden hamsters receive triple i.p. administrations of SZ (50mg/kg b. wt.) 35) and rences in species, sex, and age of the animals affect the optimal dose of SZ 5, 8, 19, 28) .
In particular, it seems that among the same animals, the younger the animals are, the lower the optimal dose of SZ 28, 41) is. In this study, we succeeded in creating by a single i. p. administration of SZ time.
We have recognized the selective destruction of pancreatic beta cells of the SZ-induced diabetic hamsters from histopathological observations 30). These changes are almost the same as those seen in other diabetic animals after injections of SZ 5, 30) . Generally, the rat and the hamster are used in experimental dental caries models, but a severe reduction in the sectetion of saliva is observed in diabetic rats after injections of SZ 40, 42) , and the cause of the phenomenon is said to be the direct influence of SZ on the salivary glands of rats with SZ-induced diabetes 43). In our previous study, no histopathological findings have been observed in subman dibular and sublingual glands except for a slight enlargement of the parotid gland in diabetic hamsters after injection of SZ 30) . In diabetics, a swelling of the parotid gland is often observed and it is said to be an enlargement without inflammatory change. Recently, Anderson 2) and Hand et al. 17) reported that morphological changes of the parotid gland in diabetic rats arise from wide intra-cellular accumulation of lipids, but the changes do not influence the function of the salivary gland.
Namely, if there are changes in the function of saliva in diabetic animals after the administration of a diabet ogenic agent, they are not caused by the agent itself but they are by the characteristics of diabetes.
Moreover, the results from the experimen tusing hamsters seem to be more valid in a discussion of the mechanism behind the relationship between diabetes and caries incidence, because the molar of the hamster more closely resembles that of the human than does that of the rat, and there is hardly loss of enamel in the molar of the hamster.
Concerning dental caries, the three major factors such as microflora, host and teeth , and substrate are important, especially saliva is very important as host. We found no significant differences between the diabetic hamsters and non-diabetic ones con-cerning the amount of Ca2+ dissolving from dental enamel.
Concerning microflora, we could not record an exact plaque score for the diabetic hamsters due to severe destruction of tooth crown, but using a stereomicroscope we observed that there was a large quantity of plaque in the carious lesion of the diabetic hamsters (data not shown). It is not clear whether the hyperphagic tendency of diabetic hamsters is related to the increased incidence of caries seen in our study.
Concerning saliva, we observed a marked decrease of LZ and SPO activity in diabetic hamsters .
LZ has bacteriolytic, bacteriocidal and bacterial agglutinative action and LZ is an important antibacterial enzyme in .saliva 6, 15, 21) . SPO catalyzes oxidation of thiocyanate (SCN-) by hydrogen peroxide into hypothiocyanate (OSCN-), which oxidizes bacterial enzymes containing the sensitive thiol groups 44) . The SPO system has an inhibitory effect on the growth and acid production of a variety of microorganisms , including streptococci, fungi, and enteric bacteria , and may have a depressing effect on plaque formation in addition to its caries-reducing effect 4, 26, 44, The cause of an increase in incidence of caries in diabetic hamsters seems to be related to the decrease in LZ and SPO activity.
Concerning the level of salivary glucose, the results suggest that when the level of blood glucose exceeds the threshold, glucose above the normal range appears in the saliva, similar to the relationship between blood glucose and urinary glucose in the kidney. It is almost the same in the case of diabetic rats 39).
The increase in the level of lactic acid in the blood is often found in diabetics who are under inadequate control of their blood glucose, and when serious diabetic methabolic acidosis, such as there have been no reports about the changes of salivary lactate level in diabetes, this is difficult from some rerorts concerning the effect of beverages on teeth, there seems to be strong demineralization of teeth 14, 25) . In our study.
we found no difference between diabetic hamsters and non-diabetic hamsters concerning the pH of saliva in spite of the increase in the level of salivary lactate. It is perhaps due to the buffering capacity of saliva. Therefore, the increase in the level of salivary lactate might not affect directly the incidence of caries.
However, the influence of salivary lactate on microflora in plaque remains obscure. The results of our study may indicate which direction should be taken in future researchers to clarify the mechanisms of an increase in the incidence of caries in diabetic patients.
